Introduction: Pulmonary embolism (PE) is a risk of mortality following spine surgery. Many studies have demonstrated that deep venous thrombosis (DVT) may affect and actually advance to PE, but few studies have shown how venous thromboembolism (VTE), including PE and DVT, affect blood markers after spine surgery. In this study, we examined changes in blood markers with PE or DVT after low-risk spine surgery, namely cervical laminoplasty or lumbar laminectomy.
Introduction
Venous thromboembolism (VTE), including pulmonary embolism (PE) and deep venous thrombosis (DVT), is important to control during orthopedic surgery because PE is a mortal complication and DVT can advance to PE. There is a worldwide increase in low-risk spine surgery. The decision to employ thromboprophylaxis is made weighing the risks of epidural hematoma, which can have serious neurological consequences, versus VTE and possibly PE, which can be asymptomatic until fatal. Thus, reliable blood markers that predict asymptomatic PE or DVT are desirable.
In spine surgery, the incidence of DVT is 0.3%-15.5% [1] [2] [3] [4] [5] [6] .
The reported incidence of all PE after spine surgery is 0.06%-18% 4, 5, 7) . The 30-day postoperative risks were 0.29% for symptomatic PE and 0.6% for symptomatic DVT 6) . Venographic studies absent thromboprophylaxis show that the incidence of DVT and PE is 41%-85% and 0.9%-28%, respectively, for total knee arthroplasty 8) . When severe PE occurred, fatal outcomes were reported in 0.3% of the patients after spine surgery 9) . Therefore, a predictive diagnosis of PE after spinal surgery is important. In a study of 10 different types of orthopedic surgery, Lapidus et al. have found a wide variance in the incidence of VTE, from 0.3% in spine surgery with thromboprophylaxis to 7.2% in Achilles tendon repair without thromboprophylaxis 10) . The same study also found a wide variance in the ratio of PE to DVT from 0% to 350%. Spine surgery had the second highest ratio at 200%. Takahashi et al. have found an asymptomatic PE incidence of 18% and a ratio of PE to DVT of 360% in patients who received either no prophylaxis or mechanical prophylaxis after spine surgery 5) . PE is preferentially detected by multidetector computed tomography (MDCT), which requires a contrast agent, or by scintigraphy, which requires a radioactive isotope. Both may be contraindicated for patients who are allergic or who have renal dysfunction. Many researchers have demonstrated that effective blood markers for DVT or VTE are D-dimer [11] [12] [13] , soluble fibrin monomer complex (SFMC) 12) , and plasminogen activator inhibitor type-1 (PAI-1) 14) . To the best of our knowledge, no studies have focused on examining biomarkers that might be of predictive value for asymptomatic PE or DVT after low-risk spine surgery. Therefore, the purpose of our study was to measure blood coagulation-fibrinolysis markers in patients undergoing such surgery to identify independent markers that will facilitate an early diagnosis of asymptomatic PE and DVT.
Materials and Methods

Patients
The study protocol was approved by the Ethics Review Board of the Jichi Medical University. This prospective, single-center study enrolled patients who underwent cervical laminoplasty or lumbar laminectomy at our institution from August 2013 to August 2014 and gave informed consent to participate. Our study is consistent with The World Medical Association Declaration of Helsinki principles for medical research involving human subjects.
Exclusion criteria included a past history of symptomatic VTE, cerebral vascular accident, cardiac infarction, or drug allergy to a contrast medium. In addition, we excluded patients with liver disease, renal disease, congenital clotting factor deficiencies, and those undergoing antithrombotic therapy or hemodialysis. We also excluded four patients with asymptomatic VTE by preoperative MDCT and enrolled the remaining patients as low-risk patients. No patients had symptomatic VTE.
We examined 72 patients (female, 27; male, 45) with a mean age of 68 (range, 38-88) years. Spine surgery was performed under general anesthesia in all patients. The patients wore elastic stockings on the legs during surgery. Later, they wore them on the legs and used an intermittent pneumatic compression device until ambulant training was initiated in accordance with the Japanese Guidelines for Prevention of Venous Thromboembolism. Then, they could stand and walk on postoperative day 2. No postoperative prophylactic antithrombotic therapy was provided. Any patient with VTE was given aggressive antithrombotic therapy.
Multidetector computed tomography
A pre-surgical MDCT screened any preexisting disease, and a post-surgical MDCT identified only those patients who developed DVT or PE after surgery. For the diagnosis of VTE, a 16-row MDCT (Eclos; Hitachi Medical System, Kashiwa, Japan) was performed before surgery and on postoperative day 3. The testing time points for the present study were taken from our previous study 14) . MDCT was performed with patients in the supine position after injecting 150 ml (100 ml for patients weighing <50 kg) of iohexol (300 mg/ml; Daiichi-Sankyo Co, Ltd, Tokyo, Japan) at 3 ml/s. The thoracic region and the area from the diaphragm to the middle of the crural region were craniocaudally examined. Bolus tracking was performed by setting the region of interest in the main trunk of the pulmonary artery, and scanning was started when the computed tomography level reached 100 in the thoracic region and, after 3.5 min, in the area from the abdomen to the lower limbs. MDCT slice thicknesses were 2 mm in the thoracic region and 5 mm from the abdomen to the lower limbs. The window levels were 40-60 and 40-50, and the window widths were 400-500 and 200-400, respectively. A single radiologist evaluated the MDCT images in a blinded manner before and after the surgery to determine postoperative asymptomatic PE and DVT. Patients were then classified into four groups: PE, no-PE, DVT, no-DVT.
Blood Coagulation-Fibrinolysis Markers
Plasma levels of SFMC, D-dimer, PAI-1, and platelet (Plt) count were measured before and on postoperative days 1, 3, and 7. SFMC levels were measured by a latex immunoagglutination assay (Mitsubishi Chemical Medience Corporation, Tokyo, Japan) using the monoclonal antibody IF-43 15) . D-dimer levels were measured by a latex immunoagglutination assay (Mitsubishi Chemical Medience Corporation) using the monoclonal antibody JIF-23 16) . PAI-1 levels were measured by a latex photometric immunoassay (Mitsubishi Chemical Medience Corporation) using the polyclonal antibody F(ab') fragment 17) . Blood markers were analyzed over time from preoperative day 1 to postoperative days 1, 3, and 7.
Statistical Analysis
Statistical analyses were performed using SPSS for Windows version 17.0 (SPSS, Chicago, IL, USA). SFMC, Ddimer, PAI-1, and Plt levels were analyzed by the ShapiroWilk test if they did not fit a normal distribution 10, 18) . SFMC, D-dimer, PAI-1, and Plt levels were compared before and on postoperative days 1, 3, and 7 using the Friedman test. If a significant difference was noted, then the data were compared using the Wilcoxon signed rank test and corrected using Bonferroni's inequality. SFMC, D-dimer, PAI-1, and Plt levels were compared between the thrombus and nothrombus groups using the Mann-Whitney U-test. Age, volume of intraoperative hemorrhage, operation time, other pre- surgical factors, and blood markers were compared using an unpaired t-test. The level of statistical significance was set at P < 0.05 for all tests. Receiver operating characteristic (ROC) curves were plotted using SPSS software.
Results
We prospectively analyzed the collected data on 72 patients who underwent cervical laminoplasty or lumbar laminectomy from August 2013 to August 2014. No patient had symptomatic PE or DVT after spine surgery. Postoperative MDCT revealed asymptomatic PE in six (8.3%) and DVT in six (8.3%) patients. One patient was detected with both PE and DVT. The data for PE are summarized in Fig.  1 , those for DVT in Fig. 3 , and those for VTE in Fig. 5 . Cervical laminoplasty was performed in 17 patients, which indicated asymptomatic PE in one (5.9%), DVT in one (5.9%), and VTE in two (11.8%) patients. Lumbar laminectomy was performed in 55 patients, which indicated asymptomatic PE in five (9.1%), DVT in five (9.1%), and VTE nine (16.3%) patients. PE, DVT, or VTE had no significant differences between cervical laminoplasty and lumbar laminectomy.
There were no significant differences in gender, age, intraoperative hemorrhage, operation time, height, weight, and body mass index between the PE and no-PE groups (Table  1) , the DVT and no-DVT groups (Table 2) , and the VTE and no-VTE groups (Table 3) .
Pulmonary embolism
D-dimer was significantly higher in the PE group than in the no-PE group on postoperative days 3 and 7 (p < 0.05; . There were no significant differences in SFMC, PAI-1, and Plt between the PE and no-PE groups.
ROC curves were postoperatively obtained for various cut-off values of D-dimer. The levels at days 3 and 7 were 8.2 and 10.8 μg/ml, with a sensitivity of 83.3% and 67.7% and a specificity of 84.4% and 87.5%, respectively (Fig. 2) .
Deep vein thrombosis
Plt counts on both preoperative and postoperative days 1 and 3 were significantly higher in the DVT groups than in the non-DVT groups (p < 0.05; Fig. 3 (Fig. 4) . These analyses revealed significant differences, but all were within the normal values. ROC curves were obtained for PAI-1 cutoff values. The preoperative cut-off level was 31 ng/ml, with a sensitivity of 83.3% and a specificity of 59.1% (P < 0.05; Receiver operating characteristic curves. Left: at a cut-off point of 8.2 μg/ml for the Ddimer level at postoperative day 3, the sensitivity is 83% and the specificity is 86%. Right: at a cutoff point of 10.8 μg/ml for the D-dimer level at postoperative day 7, the sensitivity is 67% and the specificity is 88%.
Venous thromboembolism
The median preoperative PAI-1 was significantly higher at 25.0 ng/ml [IQR, 17.0 (20.0-37.0)] in the VTE group than at 17.0 ng/ml [IQR, 9.5 (13.5-23.0)] in the no-VTE group (p < 0.05; Fig. 5 ). There were no significant differences in Ddimer, SFMC, and Plt between the VTE and no-VTE groups.
ROC curves were obtained for various cut-off values of PAI-1. The preoperative level was 31 ng/ml, with a sensitiv- ity of 81.8% and a specificity of 54.1% (P < 0.05; Fig. 6 ). This result revealed a significant difference, but was within the normal range.
Discussion
We found that elevated D-dimer after low-risk spinal surgery on postoperative days 3 and 7 is a predictive marker for asymptomatic PE, whereas elevated PAI-1 is a preoperative predictive marker for asymptomatic DVT or VTE. We further found that the incidence of both asymptomatic PE and DVT was 8.3% (6/72); thus, the incidence of VTE was 15%, with one patient having both PE and DVT. Although DVT and PE are a part of the general spectrum of VTE, they are separate conditions in different microenvironments with different risks of mortality and morbidity. Therefore, it is possible that different biological mechanisms with corresponding biomarkers underlie each one. Furthermore, variations in the ratio of PE to DVT, irrespective of the prophylaxis seen in the Lapidus study, suggest that it is useful to separately consider examining these conditions for a possible biomarker involvement 10) . PE is a fatal complication after spine surgery, and the prevalence of VTE after spine surgery is relatively high 19) .
Takahashi et al. have demonstrated that asymptomatic PE or
DVT is detected in 18% and 5% of the patients, respectively, using contrast-enhanced computed tomography after spine surgery 5) . However, they did not exclude patients with a history of symptomatic VTE, cerebral vascular accident, or cardiac infarction. Thus, they possibly included patients at high risk and those with invasive spine surgery. We excluded patients with these histories and focused on decompression surgery including laminectomy and laminoplasty, which signifies low-risk surgery.
In total, 15% (11/72) of our patients had DVT or PE, including one with both. Six (8%) patients had DVT and six (8%) had PE. No patient had symptomatic post-surgical VTE. These results suggest that PE does not always develop from DVT.
MDCT can diagnose symptomatic PE to the level of subsegmental pulmonary arteries. MDCT can also determine the size of thrombi and is capable of detecting both PE and DVT. The usefulness of MDCT is supported by its high sensitivity (100%) and specificity (96.6%) and moderate-to-high interobserver agreement rates, with kappa values ranging from 0.59 to 0.94 in symptomatic PE [20] [21] [22] . Many studies have shown D-dimer to be an effective blood marker for DVT in various surgeries [11] [12] [13] 23) . Postsurgical cut-off values after total knee or hip arthroplasty were 7.2 μg/ml on day 1, 7.0 μg/ml on day 4 12) , and 10 μg/ . After spine surgery, the cut-off value was 10 μg/ml 13) . Few studies have reported cut-off values for PE. We demonstrated that D-dimer is an effective blood marker for detecting PE, with post-surgical cut-off values of 8.2 μg/ml on day 3 and 10.8 μg/ml on day 7.
In previous reports, high concentrations of SFMC and PAI-1 were considered to be markers of thrombosis, including VTE 11, 12, 24, 25) . Reber et al. have shown that SFMC level was significantly elevated in patients with asymptomatic DVT on postoperative days 3 and 6 25) . PAI-1 inhibits plasminogen activator, which leads to the production of fibrin or thrombus 26) . Plt have substantially higher PAI-1 concentrations than plasma, but 90% of Plt PAI-1 is inactive; whereas most plasma PAI-1 is active 27) . Watanabe et al. have demonstrated that PAI-1 levels in patients with VTE increased higher than in those without VTE after pneumatic tourniquet release during total knee arthroplasty 14) . In that study, SFMC and PAI-1 were not effective in detecting PE. However, in our patients with DVT and VTE, preoperative PAI-1 was significantly increased with a cut-off value of 31 ng/ml. We believe that high preoperative PAI-1 is indicative of DVT or VTE.
In the present study, we detected that Plt was a marker for DVT because Plt levels preoperatively and at postoperative days 1 and 3 significantly differed between the patients with DVT and those without DVT, but the cut-off levels were in the normal range: 42.3 × 10 4 /μl preoperatively, 24.3 × 10 4 /μl on postoperative day 1, and 23.8 × 10 4 /μl on postoperative day 3. Therefore, Plt was an ineffective marker for DVT.
The variance found by Lapidus in the ratio of PE to DVT from 0% in Achilles tendon repair to 350% in lower limb amputation, which is a very high-risk surgery, is interesting because it lacks correlation to thromboprophylaxis 10) . In fact, spine surgery with thromboprophylaxis showed a 200% ratio of PE to DVT, and all lower ratios were under 54%, averaging at 16%. The Takahashi study of spine surgeries showed a similar ratio of PE to DVT at 360% 5) . These data suggested the occurrence of direct PE, not arising from DVT, in which case a blood marker specific to PE becomes increasingly important. This variation may be the result of different biological mechanisms that could imprint different biomarker levels. Thus, we segregated our analyses by PE and DVT to reveal whether some biomarkers are more or less specific to each condition. Combining DVT and PE patients into a single VTE group may increase the overall statistical power in the present study; however, it may also obscure important differences in the biomarker thresholds between the two conditions. In fact, an analysis of VTE+ vs. VTE-groups revealed that there was only one significant difference in the higher preoperative PAI-1 levels compared with our original groupings. In the PE+DVT-vs. VTEgroups, D-dimer and SFMC were significantly higher. In the DVT+PE-vs. VTE-groups, Plt and PAI-1 were significantly higher.
The present study may be the first to definitively measure the incidence of PE in asymptomatic patients after low-risk spine surgery, but there are some limitations. We selected low-risk patients with less invasive spine surgery. High-risk patients or more invasive surgery may result in different cutoff values. Our study had six patients with PE and six with DVT; a greater number of subjects may yield more accurate results. It is possible that our results are because of chance, but we consider this only a remote possibility. Our findings, although not exact, may lay the groundwork toward a better understanding of the risks of asymptomatic VTE associated with low-risk spine surgery. Additional analyses with larger cohorts are needed to confirm our findings. Finally, because of a small sample size, ROC findings may be of limited value.
Conclusion
In low-risk spine surgery, we found that D-dimer is an effective marker for PE on postoperative days 3 and 7, with cut-off values of 8.2 μg/ml and 10.8 μg/ml, respectively. Preoperatively, PAI-1, with a cut-off value of 31 ng/ml, is an effective marker for both DVT and VTE. These differing blood markers suggest that PE does not invariably arise from DVT.
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